The mutant inbred mouse strain C3H/HeJ was first reported in 1965 (4) to manifest an altered immunologic responsiveness to bacterial products and in 1968 (28) to be unique in its responsiveness to lipopolysaccharide (LPS) (24) . The latter studies phenotypically defined the lps gene, which controls responsiveness to LPS. This gene has been mapped to chromosome 4 between the ps (polysyndacty) and mup-1 (major urinary protein-1) loci (34) . Genotypically, the lps gene can therefore be defined as a "normal" lps n allele and a "defective" lps d allele. In vitro studies in a variety of host immune-inflammatory cells have clearly established C3H/HeJ mice to be hyporesponsive to LPS.
To better understand the mechanism(s) of innate LPS recognition and to provide insight for potential clinical therapeutic intervention in gram-negative sepsis, many laboratories, including our own, have intensively pursued studies in efforts to define the C3H/HeJ molecular genetic defect. Using transfection of C3H/HeJ splenic B cells with cDNA produced from lps n C3H/HeOuJ mice, and differential functional screening approaches, Kang et al. (15) were able to isolate a cDNA that has sequence homology to the gene encoding Ran/TC4 GTPase. This gene has been localized to chromosome 4 and has recently been reported to be mutated in C3H/HeJ mice, which may account for their resistance to endotoxin-induced lethality (33) . In another recent study, by applying differential display analysis of macrophage cell lines derived from C3H/ HeJ and C3H/HeN mice, Jin et al. (13, 14) have reported that secretory leukocyte protease inhibitor (SLPI) and matrix metalloprotease-9 (MMP-9) were constitutively overexpressed in lps d but not in lps n macrophages. SLPI functions as an LPSinduced LPS response inhibitor, whereas the role of MMP-9 in the LPS response is not known. However, the genes for SLPI and MMP-9 were not mapped to chromosome 4.
More recently, Poltorak et al. (22) and Qureshi et al. (23) , using high-resolution genetic and physical mapping of the lps allele, came to the same important conclusion: that C3H/HeJ mice manifest a missense mutation in the coding region of the Toll-like receptor-4 gene (tlr4). Although there are now reports that would strongly implicate tlr4 as the functional LPSresponsive gene (1, 5, 12, 20) , the actual overall significance of this gene of the lps allele (tlr4) for LPS responsiveness remains clouded following the recently published comprehensive genetic backcross studies of Vogel and colleagues (31) . These investigators clearly demonstrated that the expression of a normal lps n allele (tlr4) molecule is apparently not a prerequisite for LPS sensitivity when the lps d allele is present in the hemizygous state. More studies need to be done in order to fully understand the involvement of Toll-like receptor 4 (TLR4) in LPS signaling. Nevertheless, this finding raises the challenging question of precisely which genes whose products contribute to LPS signaling in concert with TLR4 might be located in regions of the mouse chromosome other than the long-recognized allele in chromosome 4 but still would be important to the LPS-responsive phenotype.
C3HeB/FeJ (lps n ) and C3H/HeJ (lps d ) mice are well recognized to be fully histocompatible strains (9) . We have, therefore, hypothesized that a subtractive cDNA library constructed from the lps n and lps d cells would be expected to contain clones carrying relevant genes contributing to LPS responsiveness in cellular signaling. As will be summarized in this report, we have employed such a subtractive hybridization approach to identify differentially expressed genes present in two fibroblast cell lines developed from lps n and lps d mouse strains. These cell lines manifest the appropriate LPS phenotype, as assayed by interleukin-6 (IL-6) secretion in response to LPS stimulation. The results of those studies reported here focus on the caveolin-1 gene, one of the major genes identified through our extensive molecular analysis of these subtractive cDNA libraries.
Earlier published studies identified caveolin-1 as a structural marker protein of the membrane coats of caveolae (8, 25) . Caveolae have been generally defined as non-clathrin-coated plasmalemmal microdomains found in many mammalian cells, and these membrane domains have been found to be highly enriched in glycosphingolipids, cholesterol, sphingomyelin, and lipid-anchored membrane proteins. Recently, an increasing number of signal transduction molecules have been discovered to be caveola associated (reviewed in references 21 and 27). For example, caveolin-1 has been reported to interact with regulatory G-protein ␣ subunits, Ha-Ras, Src family tyrosine kinases, endothelial nitric oxide synthase (eNOS), epidermal growth factor receptor (EGF-R) (and related receptor tyrosine kinases), and protein kinase C isoforms. Interestingly, the activities of eNOS and G-protein ␣ subunits, and the autoactivation of the Src family tyrosine kinases, have been reported to be suppressed by caveolin-1 (6) .
The caveolin-1 gene is localized to murine chromosome 6, specifically, in chromosome region 6-A2 (7). Remarkably, much like the Toll-like family of receptors, which is involved in innate immunity (11) , the caveolin gene family is also structurally and functionally conserved from Caenorhabditis elegans to humans (29) , suggesting an essential and/or critical role of caveolins in organizing and concentrating signaling molecules within caveolae. In this report, we describe results that demonstrate, both at the level of mRNA and at the level of cellular protein, that caveolin-1 expression in mouse macrophages is significantly affected in vitro by LPS. However, depending on the source of macrophages, this expression is either up-or down-regulated by LPS, most likely reflective of the diversity of responses of macrophages to LPS stimulation in vitro. Furthermore, regulation of cellular caveolin-1 protein expression required LPS concentrations at least 4 orders of magnitude higher in cells from LPS-hyporesponsive inbred mutant C3H/ HeJ mice than those in cells of LPS-responsive C3HeB/FeJ mice.
We suggest from these studies that the caveolin-1 gene product is a potentially important cellular regulatory protein that may contribute to cellular signaling triggered by the addition of LPS, to which the C3H/HeJ mouse is hyporesponsive.
MATERIALS AND METHODS
C3H fibroblast cell lines. The mouse embryonic fibroblast cell lines SVC3H and 776-eB/FeJ, developed from the LPS-hyporesponsive C3H/HeJ strain and the LPS-responsive C3HeB/FeJ strain, respectively, were the generous gift of Linda R. Gooding (Department of Microbiology and Immunology, Emory University School of Medicine, Atlanta, Ga.). Cells were cultured with RPMI 1640 medium plus 10% fetal calf serum (FCS), penicillin and streptomycin (each at 100 U/ml), and 2 mM L-Glu. Upon stimulation with Escherichia coli O111:B4 LPS (10 ng/ml), 776-eB/FeJ fibroblasts produce readily detectable levels of IL-6 (6 ng/ml, quantitated by enzyme-linked immunosorbent assay [ELISA] analysis of the culture supernatant using recombinant mouse IL-6 as the standard) but, as expected, no detectable nitric oxide. Under otherwise identical conditions (even at significantly higher LPS concentrations), SVC3H fibroblasts produce neither detectable IL-6 nor nitric oxide after LPS stimulation. These results confirm that 776-eB/FeJ cells (lps n ) and SVC3H cells (lps d ) manifest the appropriate LPS phenotypes. E. coli O111:B4 LPS was purchased from List Laboratories (Campbell, Calif.). Antibodies specific to mouse IL-6 and recombinant mouse IL-6 were purchased from PharMingen (San Diego, Calif.).
Macrophage cell lines and TG-elicited peritoneal macrophages. RAW264.7 and J774.1 murine macrophage-like cells (American Type Culture Collection, Manassas, Va.) were cultured with RPMI 1640 medium plus 10% FCS, penicillin and streptomycin (each at 100 U/ml), and 2 mM L-Glu. Primary cultures of C3H/HeJ (lps d ) and C3HeB/FeJ (lps n ) thioglycolate (TG)-elicited macrophages (2) were prepared as the adherent cell population from peritoneal exudate lavage fluid 5 days after intraperitoneal injection of 1.5 ml of 4% Brewer TG (Difco Laboratories).
PCR-based subtractive cDNA and isolation of differentially expressed genes. Double-stranded cDNAs were synthesized with the mRNAs isolated from 776-eB/FeJ (lps n ) and SVC3H (lps d ) fibroblast cells, which were used as "tracer" and "driver" preparations or vice versa, respectively, as defined in the protocol (3 5 . In each case the "driver" was labeled with bio-11-dUTP (biotin-conjugated dUTP; Enzo Diagnostics Inc.) during the PCR amplification steps. "Tracer" and "driver" cDNAs were mixed together at a weight ratio of 1:20, denatured, and allowed to reanneal. Driverdriver and tracer-driver hybrids were removed by the addition of streptavidin followed by phenol-chloroform extraction. The subtractive DNAs that were selectively enriched by this process were then amplified by PCR, and the process was essentially repeated until a total of 5 reciprocal subtraction cycles were performed to obtain the enriched genes [ 
cells were isolated with RNeasy kits (QIAGEN). Poly(A)
ϩ RNAs were further isolated with Oligotex mRNA kits (QIAGEN). The isolated mRNAs of SVC3H and 776-eB/FeJ cells (0.6 g each) were then fractionated by agarose-formaldehyde gel electrophoresis (26) and transferred to nylon membranes. AlkoPhos direct labeling and CDP-Star chemifluorescent detection systems (Amersham) were used for Northern blot hybridization analysis.
Immunoblot analysis of cellular caveolin-1 protein levels. Total protein present in the cell lysates was separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), transferred to Immobilon-P membranes (Millipore), immunoblotted with rabbit polyclonal anti-caveolin-1 antibody and horseradish peroxidase-conjugated goat anti-rabbit immunoglobulin G (IgG) (Transduction Laboratories), and detected by chemifluorescent reagents (Amersham).
RESULTS
Cloning and sequence analyses of caveolin-1 cDNA. The TB54 plasmid DNA isolated from the [lps d ] 5 library and established to manifest 98% sequence homology with mouse caveolin-1 in the 267-bp insert (data not shown) was purified with a plasmid DNA purification kit (QIAGEN), and the DNA insert was labeled with [␣-32 P]ATP using the multiprime DNA labeling system (Amersham). The labeled DNA was then used as a probe to screen the lps d SVC3H cDNA library constructed in the gt22A vector (SuperScript Lambda system for cDNA library; Gibco BRL). Four isolates were obtained. gt11 reverse and forward primers were used to generate PCR products of these four isolates. The PCR DNA products of all four clones show similar sizes of about 2.5 kb. One clone was selected for further subcloning and sequencing. Again, gt11 forward and reverse primers were used to generate PCR products of the insert DNA cloned in the vector with Platinum High Fidelity Tag polymerase (Gibco BRL). The PCR DNA product was ligated directly with the T-A cloning vector pGEM-T Easy, and the subclone plasmid DNA, pTB548, was purified and mapped by restriction analysis. Deletion sub-clones were generated, and the insert DNAs were sequenced. The DNA sequence data show that the insert cDNA of TB548 has 2,482 bp, which encodes a complete sequence of the mouse caveolin-1 gene near the 5Ј end of the mRNA.
Northern blot hybridization analyses of caveolin-1 mRNA. The caveolin-1 probe was shown to hybridize to a single mRNA band, about 2.5 kb, in both lps n and lps d fibroblast cell lines but with substantially different hybridization intensities. As demonstrated by the data in Fig. 1 , much higher levels of expression of caveolin-1 mRNA were found in LPS-hyporesponsive SVC3H fibroblasts than in LPS-responsive 776-eB/ FeJ fibroblasts, especially when the caveolin-1 mRNA was normalized relative to the control ␤-actin mRNA in the two cell preparations. These results further confirm the previous DNA dot blot analysis finding that the caveolin-1 gene is, in fact, differentially expressed to higher levels in LPS-hyporesponsive SVC3H cells than in LPS-responsive 776-eB/FeJ cells. To our knowledge, this is the first report that shows a potential relationship of LPS hyporesponsiveness and caveolin-1 hyperexpression in endotoxin research.
Detection of caveolin-1 mRNA in macrophages. Macrophages are well recognized to play a central role in host defense in response to infection. In this respect, LPS induces both high-level cytokine expression and NO production and also regulates surface receptor expression in macrophages. Since the question of expression of caveolin-1 in mouse macrophages is currently considered somewhat controversial (17) (18) (19) 32) , it would, of course, be important to clarify whether mouse macrophages even express caveolin-1 mRNA. We first synthesized a reverse primer, p1 (5Ј-GGG AGA ACA GAC ATG TCT TG-3Ј and a forward primer, p2 (5Ј-TAC GAT CTT CGG CAT CCC AAT-3Ј), that frame 1,957 bp of the caveolin-1 cDNA. Using this primer pair, we obtained almost exactly the predicted size of the DNA product by reverse transcription (RT)-PCR with total RNAs isolated from both the RAW264.7 and the J774.1 macrophage-like cell lines, as well as from primary TG-elicited peritoneal macrophages of C3HeB/FeJ (lps n ) and C3H/HeJ (lps d ) mice (data not shown). These RT-PCR products are very similar in size to those found in the fibroblast cell lines (data not shown). In addition to the 1,957-bp PCR product, however, we also obtained a DNA product of about 1,300 bp with primers p1 and p2 in all cells except in J774.1. We have cloned this 1,300-bp DNA fragment from SVC3H cells, and DNA sequence analysis shows that the 1,300-bp DNA fragment also codes for caveolin-1, with the sequence truncated at a position downstream of the primary caveolin-1 coding sequence. It is possible that the mRNA coding for the 1,300-bp RT-PCR DNA product may be the product of some posttranscriptional modification events.
Effect of LPS on caveolin-1 expression in RAW264.7 cells. Since caveolin-1 message was readily detected in virtually all of the mouse macrophage populations tested, we investigated further whether LPS stimulation can affect caveolin-1 mRNA expression in these cells. RAW264.7 is one of the most widely used murine macrophage-like cell lines that has been investigated in studies of LPS stimulation. To determine whether caveolin-1 mRNA levels can be modified in the presence of LPS, RAW264.7 cells were cultured in 6-well plates (5 ϫ 10 5 cells per well) overnight and then incubated with LPS (100 ng/ml) for periods of time from 2 to 24 h. Total RNA in each well after LPS stimulation was prepared with Trizol reagent (Gibco BRL). Caveolin-1 message was then analyzed by RT-PCR with primers p1 and p2. The results of these experiments show that, after incubation of RAW264.7 cells with LPS for 15 to 24 h, mRNA levels were markedly reduced compared to those obtained without LPS stimulation. The results of LPS down-regulation of caveolin message were confirmed by individual post-LPS-stimulation time course experiments (Fig. 2) . It is also of interest that the decrease in levels of the truncated caveolin-1 message (the 1,300-bp PCR product) is also time dependent in RAW264.7 cells and is observed both in the presence and in the absence of LPS stimulation, with perhaps an even more rapid rate of decrease in the presence of LPS relative to the untreated control cells. The significance of this observation is unclear at present.
To further investigate the effect of LPS on caveolin-1 at the protein level, RAW264.7 cells were incubated with LPS to determine both the time course (4 to 24 h at 100 ng of LPS/ml) (Fig. 3A) and the concentration dependence (0 to 100 ng of LPS/ml for 24 h) (Fig. 3B) by immunoblotting with anti-caveolin-1 antibody. We found that the levels of caveolin-1 protein in RAW264.7 cells were also, as expected, substantially reduced in the total-cell lysate after stimulation of these cells with LPS, in both a time-and a dose-dependent manner. The results of RAW264.7 cells were incubated with 100 ng of LPS/ml for various lengths of time. Total RNAs were isolated with Trizol reagent. Equal amounts of total RNAs were reverse transcribed using oligo(dT) 16 as the primer. The caveolin-1-specific primers p1 and p2 were used in PCR amplification. Equal amounts of PCR products were subjected to agarose gel electrophoresis.
FIG. 3.
Effect of LPS on caveolin-1 protein expression. RAW264.7 cells were incubated with 100 ng of LPS/ml for 4 to 24 h (A) or with 1 to 100 ng of LPS/ml for 24 h (B). Equal volumes of total-cell lysates (20 g of protein per sample) were subjected to SDS-PAGE, transferred to Immobilon-P membranes, and analyzed by immunoblotting using rabbit anti-caveolin-1 antibody and horseradish peroxidase-conjugated goat anti-rabbit IgG. The immunoblots were developed by enhanced chemifluorescence. The protein concentrations in each cell lysate were comparable as analyzed by bicinchoninic acid reagents (Pierce).
the immunoblot studies strongly support the conclusion that cellular caveolin-1 levels can be highly regulated by LPS stimulation in RAW264.7 cells.
Effect of LPS on caveolin-1 expression in TG-elicited peritoneal macrophages. We have also investigated whether LPS affects caveolin-1 mRNA expression in primary cultures of TG-elicited mouse peritoneal macrophages. Cells were plated in 6-well plates at 2 ϫ 10 6 cells/well and incubated at 37°C for 2 h. Nonadherent cells were removed by gentle washing, and the remaining adherent cells were incubated with LPS at 1.0 pg/ml to 10 ng/ml for 6 h for concentration-dependent studies (Fig. 4) , and with LPS at 10 ng/ml for 15 min to 6 h for time-dependent studies (Fig. 5) . The expression of caveolin-1 protein was analyzed by immunoblotting with anti-caveolin-1 antibody as described for Fig. 3 . The results show that, in LPS-responsive primary macrophages of C3HeB/FeJ origin, caveolin-1 protein expression was highly up-regulated at test concentrations as low as 1.0 pg of LPS/ml. However, LPS concentrations at least 4 orders of magnitude higher (10 4 pg/ ml) were required to stimulate the LPS-hyporesponsive primary macrophages of C3H/HeJ origin (Fig. 4) to manifest even a modestly significant increase in cellular caveolin-1 expression. The results of time-dependent studies also show that at 10 ng of LPS/ml, the up-regulation of caveolin-1 protein levels in C3HeB/FeJ peritoneal macrophages could be detected 2 h post-LPS treatment, while that in C3H/HeJ peritoneal macrophages was detected 4 to 6 h post-LPS treatment (Fig. 5) . The results of these immunoblot studies show clearly that caveolin-1 protein levels in lps n primary macrophages are regulated by LPS even at extremely low LPS concentrations (e.g., 1.0 pg/ml) but that regulation in C3H/HeJ macrophages is markedly less sensitive.
We initially determined by RT-PCR analyses that caveolin-1 mRNA levels in primary cultures of TG-elicited peritoneal macrophages of C3HeB/FeJ mice, but not in those of C3H/HeJ mice, were up-regulated by LPS stimulation at 25 to 100 ng/ml after 16 h of incubation (data not shown). However, the above results (Fig. 4 and 5) show that cellular caveolin-1 protein levels were affected by LPS at much lower concentrations and at earlier times. We therefore further studied the effect of LPS on caveolin-1 mRNA expression at the same LPS concentrations and time course as described for Fig. 4 and 5 by RT-PCR analyses. The results of these studies are shown in Fig. 6 and 7 for concentration-and time-dependent experiments, respectively. Although the results of RT-PCR analysis for the upregulation of caveolin-1 expression by LPS were found not to be as marked as the protein immunoblot data shown in Fig. 4 and 5, they clearly confirm detectable up-regulation of both the 1,957-and 1,300-bp PCR products, reflecting the regulation of caveolin-1 mRNA expression in primary cultures of lps n TGelicited peritoneal macrophages by LPS. It is of potential interest, once again, that the truncated caveolin-1 message that produces the 1,300-bp PCR product appears to be more sensitive to LPS-dependent regulation than the message that produces the 1,957-bp PCR product. In contrast, we have observed little detectable change in levels of either caveolin-1 mRNA in primary cultures of C3H/HeJ macrophages in response to LPS.
DISCUSSION
The findings summarized in Results show differential expression of caveolin-1 in lps n and lps d fibroblasts and indicate that expression of this gene and gene product can be markedly up-regulated by LPS in primary cultures of TG-elicited peritoneal macrophages of lps n mice, but not of lps d mice, at extremely low concentrations of LPS. Importantly, the effect of LPS on caveolin-1 in C3HeB/FeJ macrophages is totally different from that observed in RAW264.7 cells. These results indicate that the effects of LPS stimulation on caveolin-1 expression differ not only between lps n and lps d cells, but also among lps n cells from different sources. These findings support the concept that caveolin-1 may well serve as one of the important cellular contributing factors that ultimately dictate the well-recognized diverse phenotypic responses of macrophages to LPS stimulation.
In recent studies, Wang et al. (32) and Kitchens et al. (18) reported that, in CD14-expressing THP-1 and normal human monocytes, glycosylphosphatidylinositol (GPI)-anchored CD14-dependent internalization of LPS appears to occur predominantly via non-clathrin-coated "caveola-like" plasma membrane invaginations. The authors indicated, however, that in THP-1 cells, membrane invaginations were more "tubular" in structure than were classical "flask-shaped" caveolae. These investigators nevertheless cautioned that these cells might not contain caveolae. However, Matveev et al. (19) have reported that caveolin-1 is associated with cholesteryl ester uptake in   FIG. 4 . Dose-dependent effect of LPS on caveolin-1 protein expression in TG-elicited peritoneal macrophages prepared from C3H/HeJ and C3HeB/FeJ mice. Cells were incubated with LPS at 1.0 pg/ml to 10 ng/ml for 6 h. Cellular caveolin-1 protein levels were analyzed by immunoblotting with anti-caveolin-1 antibody as described for Fig. 3.   FIG. 5 . Time-dependent effect of LPS on caveolin-1 protein expression in TG-elicited peritoneal macrophages prepared from C3H/HeJ and C3HeB/FeJ mice. Cells were incubated with 10 ng of LPS/ml for 15 min to 6 h. Caveolin-1 protein expression was analyzed by immunoblotting as described for Fig. 3.   FIG. 6 . Dose-dependent effect of LPS on caveolin-1 mRNA expression in elicited peritoneal macrophages. TG-elicited peritoneal macrophages were prepared and treated with LPS at 1 pg/ml to 10 ng/ml for 6 h. Caveolin-1 mRNA expression was analyzed by RT-PCR as described for Fig. 2. THP-1 macrophages. Kiss and Geuze (17), using antibody against caveolin-1, found that caveolae, the omega-shaped plasma membrane invaginations, were abundantly present in the plasma membranes of elicited rat peritoneal macrophages. They also found that, in elicited macrophages, caveolae could be observed to "pinch off" from the plasma membrane. Based on those findings, these authors suggested that caveolae might well function as alternative carriers in endocytotic processes of these cells. Very recently, caveolin-1 has been suggested to serve a primary role in organizing "preassembled signaling complexes" at the plasma membrane (21) . Collectively, these results, when considered within the framework of our own studies reported here showing major effects of LPS on cellular caveolin-1 expression, strongly support the conclusion that caveolae, and more specifically caveolin-1, may well be involved as critical regulatory components in cellular responses to LPS, leading to signaling and/or internalization in mouse macrophages.
While there is no question but that the mutational defect in TLR4 in C3H/HeJ mice, affecting innate LPS recognition, is highly important in the regulation of LPS cellular triggering events, it remains inconclusive in terms of full manifestation of the lps d phenotype (31) . Our new findings that caveolin-1 is differentially expressed in LPS-responsive and -hyporesponsive cells tend to support the conclusion that the C3H/HeJ defect may also be affected by gene products other than TLR4, a conclusion that has a solid scientific basis in the recently published studies of Vogel et al. (31) . It is of some interest that Toll-like receptor 2 (TLR2) was also identified as a potential membrane receptor/transducer for LPS signal transduction in tlr2-transfected human embryonic kidney cells (16, 35) . While this may well be true in appropriately transfected cells, Heine et al. (10) reported that expression of functional TLR2 would not be essential for the LPS-sensitive CD14-transfected Chinese hamster ovary fibroblast response to LPS. More recently, Underhill et al. (30) demonstrated that in macrophages, TLR2 primarily mediates signals from yeast and gram-positive bacteria, but not from gram-negative bacteria and LPS.
As pointed out above, caveolin-1, a dynamic integral membrane protein, has been shown to interact with, and to suppress, the activities of various signaling proteins (6, 7, 21) and has been suggested as a possible candidate for a tumor suppressor gene (7) . We have found that cellular caveolin-1 levels are significantly higher in LPS-hyporesponsive fibroblasts than in LPS-responsive fibroblasts. Although many studies have demonstrated that LPS regulates the expression of many genes, our data show for the first time that LPS regulates caveolin-1 expression levels in normal LPS-responsive mouse macrophages. Taken together, therefore, these studies suggest a potentially important role for this protein in regulating host responsiveness to LPS.
We hypothesize, based upon these findings, that molecular regulation of caveolin-1 gene expression may serve as a "gatekeeper" in defining the specific consequences of interactions of LPS with LPS receptors at the macrophage surface membrane (i.e., cellular internalization versus signaling) that will ultimately define the phenotypic response of this host immuneinflammatory cell to LPS and probably to gram-negative, LPScontaining microbes as well. The potentially differential roles of the two caveolin-1 messages observed in these studies, one producing a 1,957-bp PCR product and the other a truncated 1,300-bp PCR product, also may well merit additional investigation. In any case, these findings add to the complexity of the pathways that dictate both triggering and regulation of LPSmediated events in host immune-inflammatory cell responses.
